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In 82 patients with acute myocardial infarction, observed haemodynamic changes were compared with the average maximal serum enzyme rise and the infarct size, as calculated from serial determinations of creatine phosphokinase concentration. For this purpose, patients were divided into 3 groups according to their pulmonary artery end-diastolic pressure at the time of admission. There were I9 patients in group I with pulmonary artery end-diastolic pressure <12 mmHg; they had an average infarction size of I7g and no impairment of cardiac function. In the 35 patients in group II with pulmonary artery end-diastolic pressure 12 to 20 mmHg, the pressure was raised to a mean value of I5-4 ± 0o4 mmHg with a slight decrease of cardiac index (2.5±0.1 1./min per mi2) and left ventricular stroke work index (5144± 47g iM/M2). Loss of myocardium in group II was 42g and mortality was 21 per cent. There were 28 patients in group III with pulmonary artery end-diastolic pressure > 20 mmHg, who had an average infarct size of 99g. Cardiac index (19 ± 0-2 1./min/m2), and stroke work index (27.5 ± 5-7g iM/iM2) declined significantly (P< o.ooi). Mean end-diastolic pressure rose to 28-3 ± xI@ mmHg. Mortality in group III (6o%) was mainly due to cardiogenic shock. It is concluded that the decrease of cardiac function in the acute phase of myocardial infarction must usually be ascribed to the amount of recent myocardial necrosis. Stiffening of the infarct area and normal or increased contractility of the non-infarcted myocardium are regarded as compensatory mechanisms. The combined investigation of haemodynamic and serial enzyme changes is considered to be an appropriate methodfor the separation of old from recent myocardial necrosis and for providing information predictive of the immediate and the long-term prognosis.
At present heart failure is the most serious complication of acute myocardial infarction in coronary care units (Bleifeld et al., 1972;  Rutherford, McCann, and O'Donovan, I97I) . There are probably several mechanisms by which acute myocardial infarction causes left heart failure. One is obviously the loss of left ventricular myocardium by previous or acute infarcts (Page et 
Methods Patients
Included in the study were 82 patients with acute transmural myocardial infarction. The diagnosis of acute myocardial infarction was based on the following. i) The relevant history; 2) the typical electrocardiographic criteria (evolution of Q waves, alterations in the ST segments and T waves); and 3) serial rises in creatine phosphokinase (CPK), aspartate aminotransferase ventricular fibrillation, and total AV block were excluded from the study.
The patients were split into 3 groups according to left ventricular filling pressure at the time of admission. Though this was measured directly in 41 patients, pulmonary artery end-diastolic pressure which is obtained more easily and without risk Diastolic stiffness is defined as the pressure change dP for a given change in volume dV. In this study dP/dV was evaluated from the quotient AP/AV as an approximation of dP/dV according to Diamond and Forrester Cardiac index (l./min/per m2) 2-7 ±0o3 (n = I3) 2-5 ±0-I (n = 22) I -9 ±0-2 (n = I7) NS 0o05 0-02 Stroke volume index (ml/ml) 37 5 ±2-9 (n= I3)
Left ventricular stroke work index (g m/M2) 
Equation (2) (2) as a function of time, the so-called invasion curve, were plotted by the computer as well. The rate constant of elimination k was calculated from the CPK serum curve. It proved to be necessary to determine k for each of the approximated curves and to use the value k thus obtained for the calculation of the invasion curve. In group I, k was 0o053 h-1; in group II, o054 h-'; and in group III, 0-075 h-1. Further details of the methods used are described elsewhere (Mayiopulos et al., I974) . Table i summarizes the haemodynamic results in 82 patients. Excluding mean arterial pressure and heart rate, highly significant differences were observed between the 3 groups.
Results

Haemodynamic alterations
In group I with pulmonary artery end-diastolic pressure < I2 mmHg the I9 patients had normal pressures in the pulmonary circulation. The mean pulmonary artery pressures was I3-I ± o04 mmHg. Pulmonary artery end-diastolic pressure ranged from 7 to ii mmHg (mean: 8-9±0o3 mmHg). Cardiac index and left ventricular stroke work index were not significantly decreased.
There was a slight increase of left ventricular Group II consisted of 35 patients with moderately increased pressures in the pulmonary artery. The mean pulmonary artery end-diastolic pressure was 15-4 ± 04 mmHg, significantly higher (P < o-ooi) than in group I. Slight but not significant decreases of cardiac index (2-5 ± O-1I./min per m2) and left ventricular stroke work index (51-4 ± 4-7 g M/M2) were observed compared to the patients in group I. Left ventricular stiffness was further increased to 0-26 ± o-o3 mmHg/ml (P < o-oi). Nineteen patients (55%) in group II had pulmonary riles. Mean pulmonary end-diastolic pressure in these patients was i6-6 mmHg; 20 per cent of group II died, two after cardiogenic shock (Fig. 2) .
In the I8 patients included in group III with pulmonary artery end-diastolic pressures > 20 mmHg there was a significant impairment of left ventricular function. The mean pulmonary artery Enzymes The mean maximal values of the rise of the different enzymes are summarized in Table 2 . There were significant differences between the three groups. The peak value of the CPK in group I was 3I5 ± 47 mU/ml, significantly less (P < o0o5) than in group II with 444 ± 39 mU/ml. A further increase was observed in group III to 875 ± I25 mU/ml, which was 22 times the normal (P <o-ooi). CPK peaked in the mean 24 hours after the first signs of infarction.
The concentration of GOT in the serum was found to rise in group I to 69 ± 8 mU/ml, and in group II to 98 ± io mU/ml. The peak value of group III was 3I6 ± 130 mU/ml, which was 26 times the normal value (P <o-ooi compared to groups I and II). The mean maximal value of GOT was measured 42 hours after the infarction.
Significant differences were also observed between the three groups for LDH and a-HBDH. The constant quotient LDH/a-HBDH of I-4 indicates that the LDH originated in all three groups from the heart muscle that had been destroyed. In group III both enzymes were raised to 4 times the normal (LDH 867 ± 99.7, a-HBDH 646 ± 79, P < o-ooi compared to group I). Maximal values of LDH and a-HBDH were on the third day.
Mean peak values of CPK and GOT differed considerably not only between the three groups, but there was also, in the individual patient, a rough group.bmj.com on June 25, 2017 -Published by http://heart.bmj.com/ Downloaded from correlation between pulmonary artery end-diastolic pressure and enzyme rise (r=0o57 for CPK and r = o-66 for GOT). This is shown in Fig. 3 .
CPK serial determinations of each group are shown in Fig. 4 (Merx et al., I973) and the safety of the procedure involved in measuring it. (Swan et al., I970; Bleifeld, I973.) Although none of the enzymes studied specifically has its origin in cardiac muscle, it can be assumed from the uniform behaviour of all enzymes that the increase after myocardial infarction has to be attributed to myocardial damage. Only (Guyton, 3tones, and Coleman, 1973) and an average left ventricular weight of 200 g was assumed (Harnarayen et al., 1970) . Cardiac index decreased with increasing infarct size but remnained above the theoretically expected reduction. The largest infarcts as estimated from the CPK concentrations with an average of 99 g were observed in group III with pulmonary artery enddiastolic pressures > 20 mmHg. Stroke work index (27-5 ± 5.7 g M/M2) and cardiac index (I-9 ± 02 1./min per m2) were significantly reduced compared to groups I and II. Complicated infarctions belonged to this group and 87 per cent of patients with cardiogenic shock were in group III.
The clear-cut difference in enzyme rise between the 3 groups demonstrates that on a statistical mean the degree of impaired cardiac function is primarily based on the amount of recent myocardial necrosis. This loss of contractile mass may be expected to result in a reduction of cardiac index directly related to the size of the infarct, if there were no compensatory mechanisms and the infarct area were completely stiff (Swan et al., I972) . Fig. 5 shows, that, in fact, the cardiac index declined with increasing infarct size. However, in all 3 groups the cardiac index remained above the theoretical decrease which would have been expected with infarction of 9, 2I, and 50 per cent of the left ventricle. From the compensatory mechanisms which affect cardiac index, heart rate and afterload can be excluded, because in the groups under discussion no change from normal was observed. Several studies in animals (Hood et al., I970) and estimation of left ventricular volume by ultrasound in humans (Broder and Cohn, I972) Broder and Cohn (1972) in the acute phase of human myocardial infarction showed no change in end-diastolic volume in the left ventricle compared to normal as calculated from echocardiograms. The increased left ventricular filling pressure seems to be mainly caused by changes in the wall stiffness.
Another aspect of our study is the possibility of separating the consequences of the recent necrosis from previous changes. The actual haemodynamic alterations measured in an individual patient are the combined result of old and recent loss of myocardium, whereas serial enzyme changes only reflect the amount of recent necrosis. This is shown in Fig. 7 
